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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE AND REDUNDANCY METHOD
THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2007-
176550, filed Jul. 4, 2007, the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a semiconductor integrated
circuit device and a redundancy method thereof. The mven-
tion 1s applied, for example, to an SRAM including a fuse
box.

2. Description of the Related Art

Conventionally, there 1s known a semiconductor integrated
circuit device wherein a blow-type fuse element, such as an
eFuse, 1s used, and an electric current 1s caused to flow 1n the

tuse element, thereby blowing the fuse element and program-
ming data (see, e.g. Jpn. Pat. Appln. KOKAI Publication No.
H9-7385 and Jpn. Pat. Appln. KOKAI Publication No. 2001 -
118996). For example, by blowing a fuse element, the resis-
tance value of the programmed fuse element i1s more
increased by an order of magnitude than the resistance value
ol the fuse element before programming.

In the case ol using the blow-type fuse element, however, 1T
program 1s once executed, the fuse element 1s broken, and
rewrite of the associated bit 1s disabled. In a case where
rewrite 1s necessary, a fuse element of a different bit 1s addi-
tionally prepared, and 1t 1s necessary to execute write 1n this
different fuse element.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a semiconductor integrated circuit device compris-
ing: a first fuse circuit including a first fuse element and a first
write transistor which has a current path with one end con-
nected to one end of the first fuse element; a second fuse
circuit including a second fuse element and a second write
transistor which has a current path with one end connected to
one end of the second fuse element, the second fuse circuit
being configured such that a resistance value of the second
fuse element 1s greater than a resistance value of the first fuse
clement and thereby a resistance value of the second fuse
circuit 1s greater than a resistance value of the first fuse circuit;
and a control signal generating circuit which sends a first
control signal to a control terminal of the first write transistor
and executes program such that the resistance value of the first
fuse circuit becomes greater than the resistance value of the
second fuse circuit, and sends a second control signal to a
control terminal of the second write transistor and executes
reprogram such that the resistance value of the second fuse
circuit becomes greater than the resistance value of the first
fuse circuit.

According to another aspect of the present invention, there
1s provided a semiconductor 1ntegrated circuit device com-
prising: a {irst fuse circuit including a first fuse element and a
first read transistor which has a current path with one end
connected to one end of the first fuse element; a second fuse
circuit including a second fuse element and a second read
transistor which has a current path with one end connected to
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2

one end of the second fuse element, the second fuse circuit
being configured such that an ON resistance of the second
read transistor 1s greater than an ON resistance of the firstread
transistor and thereby a resistance value of the second fuse
circuit1s greater than a resistance value of the first fuse circuit;
and a control signal generating circuit which sends a first
control signal to the first fuse circuit and executes program
such that the resistance value of the first fuse circuit becomes
greater than the resistance value of the second fuse circuat,
and sends a second control signal to the second fuse circuit
and executes reprogram such that the resistance value of the
second fuse circuit becomes greater than the resistance value
of the first fuse circuat.

According to still another aspect of the present invention,
there 1s provided a redundancy method of a semiconductor
integrated circuit, comprising: conducting a first water test as
to whether a semiconductor integrated circuit, which 1s fab-
ricated on a semiconductor water, functions normally or not;
conducting first redundancy for replacing a defective cell,
which 1s discovered in the first wafer test, with a redundancy
cell in the semiconductor integrated circuit; conducting a
second waler test as to whether the semiconductor integrated
circuit functions normally or not; performing assembly by
dicing the semiconductor integrated circuit from the semi-
conductor water, and mounting the diced semiconductor inte-
grated circuit on a board; conducting a first final test as to
whether the mounted semiconductor integrated circuit func-
tions normally or not; conducting second redundancy for
replacing a defective cell, which 1s discovered 1n the first final
test, with a redundancy cell 1n the semiconductor integrated
circuit; and conducting a second final test as to whether the
semiconductor itegrated circuit functions normally or not.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a circuit diagram showing a semiconductor inte-
grated circuit device according to a first embodiment of the
present invention;

FIG. 2 1s a view for explaining output data of the semicon-
ductor mtegrated circuit device according to the first embodi-
ment;

FIG. 3 1s a view 1llustrating a read operation 1n an 1nitial
state of the semiconductor integrated circuit device according
to the first embodiment;

FIG. 4 1s a view for explaining a {irst program time of the
semiconductor integrated circuit device according to the first
embodiment;

FIG. S1s a view for explaining a second program time of the
semiconductor integrated circuit device according to the first
embodiment;

FIG. 6 1s a circuit diagram showing a semiconductor inte-
grated circuit device according to a second embodiment of the
present invention;

FIG. 7 1s a view for explaining output data of the semicon-
ductor integrated circuit device according to the second
embodiment;

FIG. 8 1s a view 1illustrating a read operation in an initial
state of the semiconductor integrated circuit device according
to the second embodiment;

FIG. 9 15 a view for explaining a first program time of the
semiconductor integrated circuit device according to the sec-
ond embodiment;

FIG. 10 1s a view for explaiming a second program time of
the semiconductor integrated circuit device according to the
second embodiment;
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FIG. 11 1s a circuit diagram showing a semiconductor
integrated circuit device according to a third embodiment of
the present invention;

FI1G. 12 1s a circuit diagram for describing a fuse box of the
semiconductor integrated circuit device according to the third
embodiment;

FIG. 13 1s a flow chart illustrating a redundancy operation
of the semiconductor integrated circuit device according to
the third embodiment;

FI1G. 14 1s a circuit diagram for describing one step (ST2)
of the redundancy operation of the semiconductor integrated
circuit device according to the third embodiment; and

FI1G. 135 1s a circuit diagram for describing one step (ST6)
of the redundancy operation of the semiconductor integrated
circuit device according to the third embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will now be
described with reference to the accompanying drawings. In
the description below, common parts are denoted by like
reference numerals throughout the drawings.

First Embodiment

An Example 1n which a Large/Small Relationship 1s
Present Between Resistance Values of Fuse Elements

To begin with, referring to FIG. 1 and FIG. 2, a description
1s given of the structure of a semiconductor integrated circuit
device according to a first embodiment of the present imnven-
tion. This embodiment relates to an example 1n which a large/
small relationship 1s present between resistance values of two
fuse elements. In this embodiment, an efuse, which 1s elec-
trically programmable by blowing a fuse element, 1s taken as
an example of the fuse element.

<]1. Structure Example>

As shown 1in FIG. 1, an eFuse 10 according to this embodi-
ment comprises a first fuse circuit 11, a second fuse circuit 12,
a sense amplifier 15 and a control signal generating circuit 13.

The first fuse circuit 11 includes a first fuse element R1, a
first write transistor N1, and a first read transistor N3. The first
fuse element R1 has one end connected to a program voltage
node VBP. The first write transistor N1 has a source con-
nected to an internal power supply voltage VSS, a drain
connected to the other end of the first fuse element R1, and a
gate to which a first control signal 1st/PE 1s input. The first
read transistor N3 has a source connected to the internal
power supply voltage VSS, a drain connected to the other end
of the first fuse element R1, and a gate to which a read control
signal /RE 1s mput.

The second fuse circuit 12 includes a second fuse element
R2, a second write transistor N2, and a second read transistor
N4. The second fuse element R2 has one end connected to the
program voltage node VBP. The second write transistor N2
has a source connected to the internal power supply voltage
VSS, a drain connected to the other end of the second fuse
clement R2, and a gate to which a second control signal
2nd/PE 1s mput. The second read transistor N4 has a source
connected to the internal power supply voltage VSS, a drain
connected to the other end of the second fuse element R2, and
a gate to which the read control signal /RE 1s input.

In the case of the present embodiment, the length of the
second fuse element R2 1s set to be greater than the length of
the first fuse element R1. On the other hand, the read transis-
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s1ze) ratio (W side ratio=1:1). Thus, 1n the mitial state, the
resistance value of the second fuse element R2 1s greater than
the resistance value of the first fuse element R1 (the resistance
values 1n the 1nitial state: R1<R2), and thereby the resistance
value of the second fuse circuit 12 1s greater than the resis-
tance value of the first fuse circuit 11. In addition, each of the
first and second fuse elements R1 and R2 1s a blow-type fuse
clement which i1s configured such that a high voltage is
applied between both ends of the blow-type fuse element and
thereby the blow-type fuse element 1s blown and can be
programmed. For example, the blow-type fuse element 1s
formed of polysilicon, or a metal such as copper (Cu) or
aluminum (Al).

The sense amplifier 15 has a first input (positive (+) mput)
connected to the other end of the second fuse element R2, a
second input (negative (—) mput) connected to the first fuse
element R1, and a control terminal connected to an internal
power supply voltage VDD. The sense amplifier 15 outputs
output data Dout of “0” data or “1” data. By this circuit
configuration, the sense amplifier 15 reads a voltage differ-
ence between the fuse elements R1 and R2, and determines
“1” or “0”.

The control signal generating circuit 13 1s configured to
generate the first and second control signals 1st/PE and 2nd/
PE, read control signal /RE and sense-amplifier read control
signal /RE(S/A). In the case of the present embodiment, the
first and second control signals are program enable
signals /PE (*/” indicates “negation”), the read control signals
are read enable signals /RE.

As will be described later, the control signal generating
circuit 13 sends the first control signal 1st/PE to the gate of the
first write transistor N1, blows the first fuse element R1, and
executes control to carry out such program that the resistance
value of the first fuse circuit 11 becomes greater than the
resistance value of the second fuse circuit 12. Further, the
control signal generating circuit 13 sends the second control
signal 2nd/PE to the gate of the second write transistor N2,
blows the second fuse element R2, and executes control to
carry out such reprogram that the resistance value of the
second fuse circuit 12 becomes greater than the resistance
value of the first fuse circuit 11.

Thus, as shown 1n FIG. 2, even after the first fuse element
R11s programmed (1st program), the program voltage may be
re-applied to the second fuse element R2 and thereby the
second fuse element R2 can be reprogrammed (2nd program).
Accordingly, by reversing twice the large/small relationship
between the resistance values of the first and second fuse
circuits 11 and 12, the output data Dout can be re-inverted
(“0”—*17", “17—=“0""). In other words, by using the two elec-
trically programmable first and second fuse elements R1 and
R2, the program mode (medium resistance (1st program),
high resistance (2nd program)) 1s selectively used, and data
write can be executed up to twice. As has been described
above, according to the above-described structure, the eFuse
10 of the same bit can be reprogrammed.

<2. Read Operation (Imitial State)>

Next, referring to FIG. 3, a description 1s given of the read
operation of the eFuse 10 1n the 1nitial state according to the
present embodiment. As shown 1n FIG. 3, 1n the mnitial state,
the resistance value of the second fuse element R2 15 setto be
greater than the resistance value of the first fuse element R1
(resistance values: R2>R1). For example, 1n the 1nitial state,
the resistance value of the first fuse element R1 1s about 100€2,
and the resistance value of the second fuse element R2 1is
about 200€2. On the other hand, the read transistors N3 and
N4 have a substantially equal W size ratio (W size ratio=1:1).
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Accordingly, 1n the mnitial state, the resistance value of the
second fuse circuit 12 1s greater than the resistance value of
the first fuse circuit 11.

To start with, the control signal generating circuit 13 out-
puts the read control signal /RE to the gates of the read

transistors N3 and N4, thereby turning on the read transistors
N3 and N4.

Then, read currents IR1 and IR2 are caused to flow across

both ends ofthe first and second fuse elements R1 and R2, and
the read currents IR1 and IR2 are input to the sense amplifier

15.

Subsequently, the sense amplifier 135 reads a voltage dii-
terence between the fuse elements R1 and R2 from the mnput
read currents IR1 and IR2, and outputs the output data Dout
of, for example, “0” data.

<3. Program Operation>

Next, referring to FI1G. 4 and FIG. 5, a description 1s given
of the program operation of the eFuse 10 1n the 1nitial state
according to the present embodiment.

<3-1. First Program (1st Program) Operation>

To begin with, the first program (1st program) operation 1s
described with reference to FIG. 4.

As shown 1n FIG. 4, to start with, the control signal gener-
ating circuit 13 sends the first control signal 1st/PE to the gate
of the first write transistor N1, and turns on the first write
transistor N1.

Then, the program voltage 1s applied to the program volt-
age node VBP, and the program voltage 1s applied across both
ends of the first fuse element R1, thereby causing a program
current Ipgm1 to tlow, and blowing the first fuse element R1.
Accordingly, at the 1st program time, the resistance value of
the second fuse element R2 becomes less than the resistance
value of the first fuse element R1 (resistance values: R2<R1).
For example, at the 1st program time, the resistance value of
the programmed first fuse element R1 1s about several k€2. In
this manner, at the 1st program time, the control circuit 13
executes program such that the resistance value of the first
tuse circuit 11 becomes greater than the resistance value of
the second tuse circuit 12.

Subsequently, like the above-described read operation, the
sense amplifier 15 reads a voltage difference between the fuse
elements R1 and R2 from the read currents IR1 and IR2, and
outputs the output data Dout of *“1” data, which has been
inverted from the 1mitial state.

<3-2. Second Program (2nd Program) Operation>

Next, the second program (2nd program) operation 1s
described with reference to FIG. 5.

As shown 1n FIG. 5, to start with, the control signal gener-
ating circuit 13 sends the second control signal 2nd/PE to the
gate of the second write transistor N2, and turns on the second
write transistor N2.

Then, the program voltage 1s applied to the program volt-
age node VBP, and the program voltage 1s applied across both
ends of the second fuse element R2, thereby causing a pro-
gram current Ipgm2 to tflow, and blowing the second fuse
clement R2. Accordingly, at the 2nd program time, the resis-
tance value of the second fuse element R2 becomes greater,
once again, than the resistance value of the first fuse element
R1 (resistance values: R2>R1). For example, at the 2nd pro-
gram time, the resistance value of the programmed second
fuse element R2 1s about several-ten k€2. In this manner, at the
2nd program time, the control circuit 13 can execute repro-
gram such that the resistance value of the second fuse circuit
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6

12 becomes greater than the resistance value of the first fuse
circuit 11.

Subsequently, like the above-described read operation, the
sense amplifier 15 reads a voltage difference between the fuse
elements R1 and R2 from the read currents IR1 and IR2, and
outputs the output data Dout of “0” data, which has been
inverted from the state of the 1st program time.

.

‘ects of First Embodiment>

<4. Advantageous E

According to the semiconductor integrated circuit device
of the first embodiment, at least the following advantageous

elfects (1) and (2) can be obtained.

(1) Reprogram can be executed for the same bit, and the
usability 1s improved.

As has been described above, the control signal generating
circuit 13 sends the first control signal 1st/PE to the gate of the
first write transistor N1, blows the first fuse element R1, and
executes control to carry out such program that the resistance
value of the first fuse circuit 11 becomes higher than the
resistance value of the second fuse circuit 12. Further, the
control signal generating circuit 13 sends the second control
signal 2nd/PE to the gate of the second write transistor N2,
blows the second fuse element R2, and executes control to
carry out such reprogram that the resistance value of the
second fuse circuit 12 becomes higher than the resistance
value of the first fuse circuit 11.

Thus, as shown 1n FIG. 2, even after the first fuse element
R11s programmed (1st program), the program voltage may be
re-applied to the second fuse element R2 and thereby the
second fuse element R2 can be reprogrammed (2nd program).
Accordingly, by reversing twice the large/small relationship
between the resistance values of the first and second fuse
clements R1 and R2, the output data Dout can be re-inverted
(“0”—*17", *“17—=*“0""). In other words, by using the two elec-
trically programmable first and second fuse elements R1 and
R2, the program mode (medium resistance (1st program),

high resistance (2Znd program)) 1s selectively used, and data
write can be executed up to twice.

In this manner, according to the above-described structure,
the eFuse 10 of the same bit can be reprogrammed, and the
usability can be improved.

Assume now that the eFuse 10 according to the present
embodiment1s applied as a redundancy memory of an SRAM
(Static Random Access Memory), for example, as will be
described 1n connection with a third embodiment of the
invention. In this case, even if redundancy 1s once executed 1n
a waler test (1.e. program 1s once executed for the eFuse 10),
redundancy can be executed once again for a defective cell
which 1s discovered 1n a final test (1.e. reprogram 1s executed
for the same eFuse (1.¢. the same bit)), and therefore the yield

of SRAMSs can be improved.

(2) The manufacturing cost can advantageously be
reduced.

As has been described above, the first and second fuse
circuits 11 and 12 have mirror-symmetry structures with
respect to a line connecting the program voltage node VBP
and the node to which the read control signal /RE 1s input,
except for the lengths of the fuse elements R1 and R2. There-
fore, when the transistors N1 to N4 are fabricated, the number
of photomasks can be decreased, and the manufacturing cost
of the first and second fuse circuits 11 and 12 can be reduced.
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Thus, according to the present embodiment, the manufactur-
ing cost can advantageously be reduced.

Second Embodiment

An Example 1n which a Large/Small Relationship 1s
Present Between ON Resistance Values of Read

Transistors

Next, a semiconductor memory device according to a sec-
ond embodiment of the invention 1s described with reference
to FIG. 6 to FIG. 10. This embodiment relates to an example
in which a large/small relationship 1s present between ON
resistance values of read transistors N3 and N4. A detailed
description of the parts, which are common to those 1n the first
embodiment, 1s omitted.

<Structure Example>

The structure of this embodiment 1s described with refer-
ence to FI1G. 6 and FIG. 7. As shown 1n FIG. 6 and FIG. 7, an
cFuse 10 of this embodiment differs from that of the first
embodiment with respect to the following respects.

In the case of the present embodiment, the W size ratio of
the read transistors N3 and N4 i1s set at 2:1 (W size ratio).
Accordingly, the ON resistance of the second read transistor
N4 1s greater than the ON resistance of the first read transistor
N3. On the other hand, since the first and second fuse ele-
ments R1 and R2 have substantially equal lengths, the resis-
tance values of the fuse elements R1 and R2 1n the 1initial state
are substantially equal (resistance values: R1=R2).

Thus, 1n the mnitial state, the ON resistance of the second
read transistor N4 1s greater than the ON resistance of the first
read transistor N3, and thereby the resistance value of the
second fuse circuit 12 1s greater than the resistance value of
the first fuse circuit 11.

As described above, the structure of the present embodi-
ment differs from that of the first embodiment in that the first
and second fuse elements R1 and R2 have the same fuse size,
while the dimensions of the read transistors N3 and N4 (W
s1ze ratio) are unbalanced, thereby causing a voltage differ-
ence which 1s 1input to the sense amplifier 15.

<Read Operation (Initial State)>

Next, referring to FIG. 8, a description 1s given of the read
operation of the eFuse 10 1n the nitial state according to the
present embodiment. As shown 1n FIG. 8, 1n the initial state,
the W size ratio between the read transistors N3 and N4 1s set
at 2:1 (W size ratio). On the other hand, since the first and
second fuse elements R1 and R2 have substantially equal
lengths, the resistance values of the fuse elements R1 and R2
in the mitial state are substantially equal (resistance values:
R1=R2). Accordingly, 1in the 1nitial state, the resistance value
of the second fuse circuit 12 is set to be greater than the
resistance value of the first fuse circuit 11.

To start with, the control signal generating circuit 13 out-
puts the read control signal /RE to the gates of the read
transistors N3 and N4, thereby turning on the read transistors
N3 and N4.

Then, read currents IR1 and IR2 are caused to flow across
both ends of the first and second fuse elements R1 and R2, and
the read currents IR1 and IR2 are input to the sense amplifier
15.

Subsequently, the sense amplifier 135 reads a voltage dii-
ference between the first and second fuse circuits 11 and 12
from the mput read currents IR1 and IR2, and outputs the
output data Dout of, for example, “1” data.

<Program Operation>

Next, referring to F1G. 9 and FIG. 10, a description 1s given
of the program operation of the eFuse 10 1n the 1nitial state
according to the present embodiment.
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<First Program (1st Program) Operation>

To begin with, the first program (1st program) operation 1s
described with reference to FIG. 9.

As shown 1n F1G. 9, to start with, the control signal gener-
ating circuit 13 sends the first control signal 1st/PE to the gate
of the first write transistor N1, and turns on the first write
transistor N1.

Then, the program voltage 1s applied to the program volt-
age node VBP, and the program voltage 1s applied across both
ends of the first fuse element R1, thereby causing a program
current Ipgm1 to flow, and blowing the first fuse element R1.
Accordingly, at the 1st program time, the resistance value of
the second fuse element R2 becomes less than the resistance
value of the first fuse element R1 (resistance values: R2<R1).
For example, at the 1st program time, the resistance value of

the programmed first fuse element R1 1s about several k€2. On

the other hand, the W size ratio between the read transistors
N3 and N4 1s 2:1, as in the above-described 1nitial state. Thus,
at the 1st program time, the control circuit 13 can execute
program such that the resistance value of the first fuse circuit

11 becomes greater than the resistance value of the second
fuse circuit 12.

Subsequently, like the above-described read operation, the
sense amplifier 15 reads a voltage difference between the fuse
elements R1 and R2 from the read currents IR1 and IR2, and
outputs the output data Dout of “0” data, which has been
inverted from the 1nitial state.

<Second Program (2nd Program) Operation>

Next, the second program (2nd program) operation 1s
described with reference to FIG. 10.

As shown in FIG. 10, to start with, the control signal
generating circuit 13 sends the second control signal 2nd/PE
to the gate of the second write transistor N2, and turns on the
second write transistor N2.

Then, the program voltage 1s applied to the program volt-
age node VBP, and the program voltage 1s applied across both
ends of the second fuse element R2, thereby causing a pro-
gram current Ipgm2 to flow, and blowing the second fuse
clement R2. Accordingly, at the 2nd program time, the resis-
tance value of the second fuse element R2 becomes greater,
once again, than the resistance value of the first fuse element
R1 (resistance values: R2>R1). For example, at the 2nd pro-
gram time, the resistance value of the programmed second
fuse element R2 1s about several-ten k2. On the other hand,
the W size ratio between the read transistors N3 and N4 1s 2:1,
as 1n the above-described 1mitial state. Thus, at the 2nd pro-

gram time, the control circuit 13 can execute reprogram such
that the resistance value o the second fuse circuit 12 becomes

greater than the resistance value of the first fuse circuit 11.

Subsequently, like the above-described read operation, the
sense amplifier 135 reads a voltage difference between the first
and second fuse circuits 11 and 12 from the read currents IR1
and IR2, and outputs the output data Dout of “1” data, which
has been inverted from the state of the 1st program time.

<Advantageous Effects of Second Embodiment>

According to the semiconductor integrated circuit device
of the second embodiment, at least the same advantageous
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elfects (1) and (2) as described above can be obtained. Fur-
ther, the structure of this embodiment 1s applicable, where
necessary.

Third Embodiment

An Example 1n which the Semiconductor Integrated

Circuit Device 1s Applied to a Redundancy Memory
of an SRAM

Next, a semiconductor memory device according to a third
embodiment of the invention 1s described with reference to
FIG. 11 to FIG. 15. This embodiment relates to an example 1in
which the eFuse 10, which has been described in the first
embodiment, 1s applied to a redundancy memory of an
SRAM (Static Random Access Memory) and 1s constituted as
a redundancy system. A detailed description of the parts com-
mon to those 1n the first embodiment 1s omitted.

<Structure Example of Entire Redundancy System>

A structure example of an entire redundancy system 1s
described with reference to FIG. 11. As shown 1n FIG. 11, an
SRAM according to the present embodiment comprises a
memory cell array 27, a fuse box 21, a Fuse data development
circuit 22 and a row decoder 25.

The memory cell array 27 includes a plurality of SRAM
cells 1 to n, which are arrayed in a matrix.

The fuse box 21 includes a plurality of eFuses <1> to <n>
as redundancy memories. As shown i FIG. 12, i this
embodiment, each of the eFuses <1> to <n> 1s the eFuse 10
which has been described in connection with the first embodi-
ment.

The eFuses <1> to <n> store “0” or “1” as defective
addresses of the SRAM cell 1 to SRAM cell n. The stored data
(Dout) 1s output to the Fuse data development circuit 22 as
output serial data SO of the fuse box 21.

The Fuse data development circuit 22 executes predeter-
mined data development of the output serial data SO which 1s
input from the fuse box 21, and serially outputs data to the row
decoder 25. The predetermined data development, 1 this
context, 1s defined as follows. Specifically, in the case where
the input serial data SO 1s “0”” data, the Fuse data development
circuit 22 outputs “0” data to the 4-bit (“0000”) row decoder
25. By way of example, a description 1s given of the case 1n
which “0” data, which 1s stored in the eFuse <1>, has been
input as serial data SO to the Fuse data development circuit
22. In this case, since the mput serial data SO 1s “0” data, the
Fuse data development circuit 22 outputs “0” data to the 4-bit
(“0000”) row decoder 25.

On the other hand, in the case where the 1nput serial data
SO 15 “1” data, the Fuse data development circuit 22 outputs
4-bit data 1n the fuse box, which follows this “1”” data, to the
row decoder 25. By way of example, a description 1s given of
the case 1n which “1” data, which 1s stored 1n the eFuse <3>,
has been 1input as serial data SO to the Fuse data development
circuit 22. In this case, since the input serial data SO 1s “1”
data, the Fuse data development circuit 22 outputs four bits

(“1001”) 1n the fuse box, which follows this “1”” data, to the
row decoder 25.

The row decoder 25 stores the output of the Fuse data
development circuit 22 1n predetermined 4-bit-structure R/D
shift addresses <1> to <n>. The R/D shift addresses <1> to
<n> correspond to R/D shift addresses of the SRAM cell 1 to
SRAM cell n.

An SRAM cell, in which all four bits are “0” (*0000”) 1n
the 4-bit R/D shift addresses <1> to <n>>, 1s determined as a
normal cell. For example, an SRAM cell n, 1n which all four
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bits are “0” (*0000”) 1n an R/D shiit address <n>, 1s deter-
mined as a normal cell. On the other hand, an SRAM cell, 1n
which any one of all four bits 1s “1” 1n the 4-bit R/D shaft
addresses <1> to <n>>, 1s determined as a defective cell. For
example, an SRAM cell 3, in which 4-bit data 1s “1001” 1n an
R/D shift address <3>>, 1s determined as a defective cell.

<Redundancy Operation>

Next, a redundancy operation of the semiconductor inte-
grated circuit device according to the present embodiment 1s
described. The description 1s given with reference to a flow

chart of FIG. 13.
(Step ST1 (Water Test 1))

o start with, a water test 1s conducted as to whether SRAM
cells 1 to n of an SRAM, which 1s fabricated on a silicon
waler, function normally or not. In the watfer test, an SRAM
cell, which 1s determined as not functioning normally, 1s
determined as a defective cell. By way of example, a descrip-
tion 1s given of the case 1n which the SRAM cell 3 of the R/D
shift address <3>1s determined as a defective cell in the waler
test.

(Step ST2 (Redundancy 1))

Subsequently, redundancy 1s executed to replace a defec-
tive cell, which 1s discovered 1n the above water test 1, with a
redundancy cell (not shown) 1n the SRAM. For example, in
the case of the present embodiment, redundancy 1s executed

for the SRAM cell 3 of the R/D shift address <3>, which 1s the
defective cell discovered 1n the test.

Thus, for example, as shown 1n FIG. 14, a program opera-
tion 1s performed to 1vert the output data of the eFuse <3>
(““0”—*1"), which corresponds to the R/D shiit address <3>
in the fuse box 21. To be more specific, as has been described
in connection with the first embodiment, the program voltage
1s applied to the program voltage node VBP of the eFuse <3>,
and the program voltage 1s applied across both ends of the first
fuse element R1, thereby blowing the first fuse element R1.
Accordingly, the resistance value of the second fuse element
R2 becomes less than the resistance value of the first fuse
clement R1 (resistance values: R2<R1). Thus, at the time of
this step ST2 (1st program) the control circuit 13 executes
program such that the resistance value of the first fuse circuit

11 becomes greater than the resistance value of the second
fuse circuit 12.

Subsequently, 1n order to 1dentify the SRAM 3 as a delec-
tive cell, the same program (1st program) as described above
1s executed by predetermined data inversion for the 4-bit
cFuse of an address following the eFuse <3>. For example,
the same program inversion 1s executed and data iversion
(“0”—*1"") 15 executed for the output data of the eFuse <4>
and eFuse <7> corresponding to the R/D shift address <4>
and R/D shift address <7> 1n the fuse box 21.

(Step ST3 (Water Test 2))

Subsequently, the same waler test as 1n the above step ST1
1s conducted for the SRAM cells 1 to n of the SRAM.

(Step ST4 (Assembly))

Subsequently, the SR AM after the above test 1s diced from
the silicon water. Then, the diced SRAM 1s mounted on a
board.

(Step ST5 (Final Test 1))

Subsequently, a final test 1s conducted as to whether the

SRAM cells 1 to n of the mounted SRAM function normally
or not. In this final test, an SRAM cell, which 1s determined as
not normally functioning, 1s determined as a defective cell.

For example, 1n this embodiment, 1t1s assumed thatan SRAM
cell 1 ofthe R/D shift address <1>1s determined as a defective
cell 1in this final test.




US 7,830,736 B2

11

Despite the above-described water tests being completed, a
defective cell occurs after the mounting, for the reason that
some problem occurs 1n the mounting step of the above step
ST4, and an operational defect occurs 1n some cases. A pos-
sible reason, for example, 1s an operational defect due to
defective connection of a bonding wire for signals.

(Step ST6 (Redundancy 2))

Subsequently, redundancy 1s executed for a defective cell,
which 1s discovered 1n the above final test 1. For example, in
the case of the present embodiment, redundancy 1s executed
for the SRAM cell 1 of the R/D shift address <1>, which 1s the
defective cell discovered in the test.

Thus, for example, as shown 1n FIG. 15, the same program
as described above 1s executed to invert the output data of the
cFuse <1> (*“07—*1""), which corresponds to the R/D shiit
address <1> 1n the fuse box 21.

Further, 1n order to identity the SRAM 1 as a defective cell,
program (1st program) by data inversion or reprogram (2nd
program) by data re-inversion 1s executed for the 4-bit eFuse
of an address following the eFuse <1>. For example, a repro-
gram operation 1s executed to invert the output data of the
cFuse <3> (*“17—=0""), which corresponds to the R/D shiit
address <3> 1n the fuse box 21.

To be more specific, the program voltage 1s applied to the
program voltage node VBP, and the program voltage 1s
applied across both ends of the second fuse element R2,
thereby blowing the second fuse element R2. Accordingly, in
the step ST6 (2nd program), the resistance value of the second
fuse element R2 becomes greater, once again, than the resis-
tance value of the first fuse element R1 (resistance values:
R2>R1). Thus, at the time of this step ST6, the control circuit
13 executes reprogram such that the resistance value of the
second fuse circuit 12 becomes greater than the resistance
value of the first fuse circuit 11.

Subsequently, on the basis of the result of the final test 1
(STS), the same program or reprogram 1s executed for the
cFuse 1n the fuse box 21.

(Step ST7 (Final Test 2))

Subsequently, a final test 1s further conducted as to whether
the SRAM cells 1 to n of the SRAM function normally or not.

<Advantageous Effects of Third Embodiment>

According to the semiconductor integrated circuit device
and the redundancy method of the third embodiment, at least
the same advantageous effects (1) and (2) as described above
can be obtained. Further, according to the third embodiment,
at least the following advantageous effect (3) can be obtained.

(3) The yield can be improved.

As described above, according to the structure and opera-
tion of the present embodiment, even after redundancy 1s once
executed for a defective cell which 1s discovered 1n waler test
1 (after ST2), redundancy (58T6) can be executed once again
for a defective cell which 1s discovered 1n final test 1 (repro-
gram can be executed for the same eFuse 10 (the same bit)).

For example, as shown in FIG. 135, 1n order to 1dentity the
SRAM 1 as a defective cell, the reprogram operation 1s
executed to ivert the output data of the eFuse <3>
(“1”—*0"), which corresponds to the R/D shiit address <3>
of the address following the eFuse <1>. To be more specific,
the program voltage 1s applied to the program voltage node
VBP, and the program voltage 1s applied across both ends of
the second fuse element R2, thereby blowing the second fuse
clement R2. Accordingly, in the step ST6 (2nd program), the
resistance value of the second fuse element R2 becomes
greater, once again, than the resistance value of the first fuse
clement R1 (resistance values: R2>R1). Thus, at the time of
this step ST6, the control circuit 13 executes reprogram such
that the resistance value of the second fuse circuit 12 becomes
greater than the resistance value of the first fuse circuit 11.
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Despite the above-described water tests being completed, a
defective cell may occur after the mounting, for the reason
that some problem, such as defective connection of a bonding
wire for signals, occurs 1n the mounting step of the above step
ST4, and an operational defect occurs 1n some cases.

As has been described above, according to the present
embodiment, even 1f a defective cell occurs after the mount-
ing, such a defective cell can be remedied, and the yield of
SRAMSs can advantageously be improved.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n 1ts
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor itegrated circuit device comprising:

a first fuse circuit including a first fuse element and a first
write transistor which has a current path with one end
connected to one end of the first fuse element;

a second fuse circuit including a second fuse element and a
second write transistor which has a current path with one
end connected to one end of the second fuse element, the
second fuse circuit being configured such that a resis-
tance value of the second fuse element 1s greater than a
resistance value of the first fuse element and thereby a
resistance value of the second fuse circuit 1s greater than
a resistance value of the first fuse circuit; and

a control signal generating circuit which sends a first con-
trol signal to a control terminal of the first write transis-
tor and executes program such that the resistance value
of the first fuse circuit becomes greater than the resis-
tance value of the second fuse circuit, and sends a second
control signal to a control terminal of the second write
transistor and executes reprogram such that the resis-
tance value of the second fuse circuit becomes greater
than the resistance value of the first fuse circuit.

2. The circuit according to claim 1, wherein the first fuse
circuit further comprises a first read transistor which has a
current path with one end connected to said one end of the first
fuse element, and

the second fuse circuit turther comprises a second read
transistor which has a current path with one end con-
nected to said one end of the second fuse element.

3. The circuit according to claim 2, wherein the control
signal generating circuit sends a read control signal to control
terminals of the first and second read transistors.

4. The circuit according to claim 1, wherein each of the first
and second fuse elements 1s a blow-type fuse element, and 1s
formed to iclude polysilicon or a metal.

5. The circuit according to claim 1, further comprising a
sense amplifier having a first input connected to said one end
of the first fuse element, a second input connected to said one
end of the second fuse element, and a control terminal to
which an internal power supply voltage 1s applied, the sense
amplifier reading a voltage difference between the first and
second fuse elements and executing determination.

6. The circuit according to claim 1, further comprising a
fuse data development circuit which executes data develop-
ment of data which 1s input from the semiconductor inte-
grated circuit device, and serially outputs the data to outside.

7. The circuit according to claim 6, further comprising a
row decoder which stores an output from the fuse data devel-
opment circuit.
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